Encouraging sustainable living by raising awareness of resource consumption has long been a topic within HCI. However, getting people to change behavior when it comes to energy consumption is difficult. This is one of the major challenges ahead for future energy systems, in particular if resources are renewable and plentiful. We developed the ClockCast prototypes (web and clock forecast) to explore demand response and the flexibility potential of everyday practices. We wanted to reframe the conversation on demand response: from highlighting when not to use energy to highlighting when to use it. The ClockCast prototypes display the best times to use electricity, and they were complemented by proactive and positive suggestions. We conducted a pilot study with five different households to uncover the socio-technical challenges around shifting consumption and the participants' experiences with the prototypes. While the participants increased their awareness of the environmental implications of their actions, shifted some electricity use, and found the forecasts useful, some participants also reported newfound guilt when they did not follow the forecasts.
INTRODUCTION
The HCI community has a long tradition of addressing sustainability challenges, and a range of different strategies [12] and motivations [21] have been pursued to encourage people to act in a sustainable manner. However, despite the substantial efforts to encourage people to live more sustainably, getting people to change their daily routines to lower their energy consumption has proved to be challenging, especially over time [2, 19, 33] .
Many different strategies have been explored to make people aware of their energy consumption, such as the implementation of energy feedback displays and meters [3, 14] , ambient displays [28, 44] , and game-based approaches [2, 17, 41] . Most of these technologies have been informed by the field of persuasion [10, 25] . Moreover, a common denominator for many of these projects is that they focus on getting people to reduce the amount of energy that they consume. However, acting sustainably does not necessarily require people to reduce the amount of electricity they use. More and more countries generate an increasing percentage of their electricity from renewable sources that vary from hour to hour and day to day, OzCHI 2017, Nov 28 -Dec 1, Brisbane, Australia Human -Nature Long Papers such as wind and solar. Since power generation must closely match the demand for electricity, dispatchable generation sources (such as coal and gas) must be used to cover any shortfall. Therefore, when generation from renewable sources is high, the overall CO 2 intensity of the national grid (the amount of CO 2 emitted per kilowatt hour of electricity generated) is reduced, and when renewable generation is low, the intensity is typically increased. In fact, there can even be times when renewable generation exceeds the total demand, so the excess capacity must either be exported or simply dumped. The variable CO 2 intensity of the electrical grid means that reducing CO 2 emissions could become less a matter of how much energy is used, and more a matter of when it is used. Viewing energy not in terms of kWh used, but in terms of the CO 2 emitted by energy consumption, people could maintain or increase their level of consumption, while saving CO 2 , if they were willing to shift their energy consumption to the times when renewable generation is high. However, few studies have explored this perspective in real households, trying to understand the challenges of shifting the timing of consumption activities [5, 8, 25, 40, 48] .
Leveraging prior work on shifting energy consumption, we designed the ClockCast prototypes; a physical clock and a web forecast (see Figure 1 ) alongside proactive sustainable suggestions, aimed at shifting the focus from discouraging energy use during specific times of the day, to encouraging energy use when there is plenty of renewable energy available. We conducted a pilot study with five different households to uncover the socio-technical challenges of shifting consumption and the participants' experiences with the prototypes, and how they reflect on their own sustainable intentions.
RELATED WORK
Several strategies exist to encourage people to decrease their resource consumption, including: regulating or powering off certain appliances, trimming electricity use, switching or upgrading to more energy-efficient appliances, as well as shifting electricity use to a different time or place [38] . To support electricity curtailment, more and more technologies are being implemented to provide people with feedback about their resource consumption under the common framing of supporting the individual to change behavior. These technologies range from simple digital in-home displays and energy meters [3, 14] to more interactive screen-based visualizations combining mobile and dashboard capabilities to facilitate the exploration of historical consumption data [3, 14, 32, 36] . To reduce the cognitive load induced by these technologies, more elaborated techniques utilize ambient feedback through either designing artistically inspired visualizations as aesthetic objects [3, 4, 31] , or augmenting everyday objects in the home e.g., radiators [18] , power cords [16] , and outlets [22] . Although these technologies have managed to raise awareness about resource consumption, people still find it difficult to adopt them over time [49] , which decreases their effectiveness [23] . In an effort to increase users' engagement, several studies applied game-based approaches [15, 41] to motivate the use of feedback technology.
While most of the foregoing strategies and technologies have been implemented to support electricity curtailment, there are also some attempts to support residential shifting of energy consumption, such as screen-based displays of CO 2 emissions to give users information about the level of sustainable power available [24, 25, 48] , including expected demand [24] , time of use pricing [20, 30] , smart meters, and smart appliances [11, 33] . Additional strategies include text messages to suggest the best times to do laundry [5] , and a provocative artifact that restricts the use of electricity during laundry practices [40] . Also, there has been an attempt to motivate residential users to shift resource consumption through a casual mobile game [7] , and an ambient multimodal interface that suggests peaceful activities to do during peak hours that do not require electricity [53] . While information displays can make people aware of better or worse times to use electricity [25] , making people understand the concept of shifting is more complex than understanding curtailment [8] . Shifting electricity consumption is more challenging due to the dynamic nature of CO 2 intensity. People need to receive and make sense of a variety of different types of information (e.g., forecast of desirability, historical electricity use and historical forecasts [8] ) to be able to shift consumption, and this often interferes with people's practices. Even gamebased approaches are difficult to sustain over time [7] . Furthermore, some studies have reported cooking as a nonnegotiable practice that people are unwilling to shift [13, 37, 52] , and laundry routines [5, 11, 37, 48] as a more viable option for shifting. However, this is not always the case due to additional constraints, such as rules for using laundry facilities [13] . Apart from laundry practices, shifting the time of using the dishwasher has been found feasible using renewable energy forecasts [48] .
Demand response traditionally seeks a reduction in peak demand through shifting of demand to off-peak times to increase the efficiency of the grid [43] . Most of the aforementioned technologies have been designed from the smart grid perspective and the traditional way of demand shifting, looking for people to restrict their energy consumption. This has resulted in people often mistrusting technology due to the fear of being charged too much by the utility [43] . However, when there is an excess of renewable generation, shifting electricity consumption also becomes a matter of enabling greater usage of renewable energy. Here, regulatory approval is required for pricing the time of energy use, and household appliances would need to be upgraded to more expensive smart versions, and be able to negotiate with the users about the possible times for shifting [8] . Rather than only focusing on promoting behavior change or promoting the traditional way of demand shifting, there is a growing interest in the HCI community to explore the social [35] and learning [46] aspects of feedback technology, including the complexity of use in everyday settings [50] . People
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OzCHI 2017, Nov 28 -Dec 1, Brisbane, Australia Human -Nature engage in everyday practices without seeing themselves as consumers of electricity [52] . Additional aspects, such as societal structures, the physical environment, tools used [13] and government policies [43] play an important role in the overall energy infrastructure. Aligned with these efforts, we designed the ClockCast prototypes to explore the potential flexibility of everyday practices, while encouraging shifting energy consumption to better match renewable generation, moving away from the concept of discouraging energy use.
THE CLOCKCAST CONCEPT AND PROTOTYPES
Aligned with [53] , we also take a more positive strategy for demand shifting and conceived a concept that highlights when it is OK to use energy, rather than instructing the user what not to do, or when not to use it. The concept consists of three main components (see Figure 1 ): 1) a physical clock (ClockCast) that displays the next hour when a high level of renewable energy is available, 2) a web application that displays whether there is a high or low level of renewable energy for up to the next 24 hours, and 3) tailored suggestions sent as text messages that encourage people to use energy in a positive manner when there is a high level of sustainable energy available. While the ClockCast prototypes provide the user with an idea about the level of sustainable energy available, it also attempts to go beyond persuasion by combining this simple information with the participant's daily routines and plans for the week, enabling us to personalize the forecast information and tailor suggestions to the participants during our pilot study (see section 4.2). In the following sections, we describe each of the three main components, their design considerations and technical implementation.
ClockCast
Leveraging prior work (e.g., Energy AWARE Clock [9] , the FORE-Watch [25] , the eForecast application [24] , and the colorcoded clock in The Box application [40] ), we employ a clock metaphor as the strategy to provide energy information. ClockCast (see Figure 1 ) is a physical clock that displays the next hour that has a high level of renewable energy available within the next 12 hours. Through moveable disks overlaying the clock face, the clock displays an hour segment slice, indicating a high or a low level of renewable energy. If an hour has a high level of renewable energy, it will be displayed as a wood-colored slice (see Figure 2) . The wooden slice is physical and changes position to illustrate the next hour of renewable energy as seen in Figure 2A , where the clock indicates that there a high level of renewable energy from 15:00-16:00. Whereas Figure 2B shows that the next available hour of renewable energy is from 18:00-19:00, and lastly Figure 2C shows that there are no hours with a high level of renewable energy within the next 12 hours. To complement the physical clock, we implemented the ClockCast web forecast (see Figure 1 ) that displays the forecast for up to the next 24 hours as having either a high level (dark green-grey), low level (white), or as of yet unknown level (light grey) of renewable energy.
While ClockCast has some similarities to the FORE-Watch [25] and the digital clock in The Box application [40] , it differs through the design considerations that impacted the design of the clock, as well as through the complementary web forecast and text message suggestions. Furthermore, our text messages suggestions consider, to some degree, several aspects of everyday life and practices, going beyond prior work that only gave suggestions limited to the good times for doing laundry [5] .
Design Considerations
We considered three different aspects in the design process: 1) shifting as a matter for planning or spontaneity, 2) blending into people's homes and 3) the implicit values embedded in the design. The design considerations were further influenced by user feedback collected during a workshop session, carried out with 35 participants from a student accommodation with fully equipped 1-bedroom apartments, representing single person households. The workshop started with a description of several different design concepts we were working on within our research group. Afterwards, the participants were asked to discuss the concepts in groups of 6-8 people supported by a facilitator. The discussion was structured using trigger cards with pictures and questions and lasted 30 minutes.
Shifting in Relation to Planning and Spontaneity.
Previous studies [8, 37, 45, 48, 52] have illustrated that people's willingness to shift activities, and by how much, differ depending on the activity. Cooking is an activity that people are less willing to shift [13, 37, 52] , as it is often associated with and structured around other practices, such as leisure activities, work, or children's bedtimes. Washing clothes, on the other hand, is an activity that people are more willing to shift [5, 11, 37, 48] . Laundry is less connected with other practices, and can be planned in advance, especially when living in a building with shared laundry facilities. However, special attention should be given to rules and constraints that might restrict the times for shifting laundry in shared facilities [13] .
In communicating when it is a good time to use electricity, we support two strategies: 1) enabling people to plan activities with a high-energy demand in periods that have a high level of renewable energy; and 2) supporting spontaneously changing or arranging activities with a high energy demand, when possibilities arise. The clock is designed to support people spontaneously shifting their activities. Consequently, the clock has been designed as an ambient information display [39] that shows whether or not the energy that is supplied is more sustainable in a very simple manner. As such, the clock provides an ambient representation of whether there is, in the near future, a period that has a high level of renewable energy. This ambient feature can support people seeing possibilities for shifting their activities to align them with the hours that have a high level of renewable energy available. Providing a simple and readily available source of information can facilitate small shifts of activities during the day. Or seeing a period with a high level of renewable energy might inspire people to, for example, bake a cake or play Xbox.
The clock does not support long-term planning, as it simply displays the next good hour within the next twelve. However, when the clock was presented as a standalone concept at a workshop, many of the participants expressed a desire "to see a longer time span, to make it easier to plan", or that "it would make more sense if you could see how the whole day looks like, and not just the next time when renewable energy is available". Consequently, to support the desire of planning ahead what activities could be shifted and to when, rather than simply seizing opportunities as they arise during the day, we also developed a web forecast application (see Figure 1 ) to complement the ambient information display. Graphically the web forecast was made to match the physical clock, but it differs in two ways. It shows 24 hours of forecast information rather than 12, and it also shows the "goodness" of each hour, not just the next good available hour. The two complementary designs illustrate different approaches to potentially enable people to shift consumption.
Blending into People's Homes.
When designing for the home, it is important to consider both the aesthetic features of the technology as well as the particular setting in which the technology is being discreetly introduced [3] . Consequently, one of the main aims of the design of ClockCast is that it should blend into people's homes without "screaming" eco-feedback display, while still providing readily visible information about the available renewable energy (see Figure 3) . Existing research has illustrated a wide range of ways to provide users with feedback about resource consumption, from approaches that seek to integrate the information into existing artifacts already present in the home, such as power sockets [22] , clocks [9] , or power cords [16] . Others add novel artifacts to the home, such as a robotic pet [1] , ambient displays [26, 28, 31] , or screen-based information displays [32, 49] . However, despite the variety and even beauty of some of these devices, they often tend to draw attention, rather than blending into people's home. The predicted electricity generation from different sources can be combined into a forecast that shows the expected hourly CO 2 intensity of the grid over a 24-hour period. Although our national grid has substantial renewable generation, it is also composed by imports and exports from multiple nearby grids, each with very different mixes of generation such as solar, wind, nuclear, hydro, and fossil fuels. Thus, the availability of renewable energy is very dynamic, even looking out the window is it not possible to predict with certainty when the wind is blowing so much that there will be a high level of renewable energy available. Consequently, to pursue our exploration, and the possibility of increasing one's consumption without increasing the environmental impact, is an ongoing dynamic process where new practices can be started, such as for example: hanging clothes out to dry, rather than using the dryer, or using the residual heat of the hotplate and oven when cooking. To create awareness of the current availability of renewable energy, the display needs to be an integral part of people's everyday practices. Thus, we integrated this information into an existing artifact in order to blend it into the home and its physical properties (wood and plastic material with a white color scheme). Ambient features in ClockCast were intended to facilitate easy integration into the home and routines as proposed by [39] . During the workshop, most of the participants remarked that they liked the look of the clock, although few pointed out that they would rather have a screen, or simply a smartphone app. Despite this feedback, we still believed the physical nature of the clock would enable it to blend into the home more easily than only using a screen-based interface, and we held onto this design.
Implicit Values in the Design.
When designing, values and assumptions are (consciously or unconsciously) designed into the product [47] . In contrast to the FORE-Watch [45] that uses red, yellow and green to indicate whether or not to use energy, or green and red in The Box [40] to show energy status and availability of renewable energy, ClockCast uses a woodcoloured slice to indicate a high level of renewable energy, rather than green, to avoid the 'traffic light' metaphor. By using a green color, the other hours might implicitly be considered red, and thus bad hours, or warn the users to stop using energy, which was not our intention. Given that we sought to highlight when to use energy, rather than when not to use it, the clock Human -Nature face and the hours indicating a low level of renewable energy are both white to attract less attention if there are no hours with a high level of sustainable energy in the near future.
Positive and Proactive Suggestions
Understanding practices [13, 52] becomes important when asking people to change when they use energy, as people are asked to change how they normally act and reason about energy savings. As the patterns for availability of sustainable energy are dynamic, people cannot consistently make new routines. To assist people in changing their normal daily routines, we enhanced the ClockCast prototypes with tailored suggestions in the form of text messages (SMS) as a way to take advantage of the day's energy forecast and people's daily routines. We took a proactive approach in sending suggestions [5] to enable people to continue their normal activities, but supported planning by informing them of the best times for performing certain activities to emit less CO 2 according to their schedules. Some suggestions used a positive approach, for example by providing recipes that required minimal energy to cook to match the renewable energy and participants' schedules.
CLOCKAST PILOT STUDY
We carried out a pilot study with five households to uncover the socio-technical challenges of shifting consumption, and the participants' experiences with the prototypes, and the positive strategies towards shifting embedded in the designed artifacts.
Study Design and Data Collection
Our study took place in five different households to explore the flexibility potential of everyday practices, the opportunities that the prototypes can offer for shifting consumption and how people experience and use the prototypes. Initially, our study took an exploratory approach [34] with three single-person households, and then we added two other types of households (a couple and a family household) for heterogeneity sampling [34] to further explore and extend our initial analysis from the initial type of household [54] . The three single-person households were all living in highly equipped student dormitory apartments (P1-P3) whereas the young couple was living in a residential apartment (P4). The family consisted of two adults and two teenagers living in a suburban house (P5). The participating households were recruited through the dorm's Facebook page and extended network. Overall, the five participating households were purposefully selected from the most common type of households in Denmark to explore how the ClockCast prototypes could uncover some of the challenges and opportunities of using the prototypes to support people's shifting of consumption.
Each household participated for one week. We started with a pre-interview, where the participants in each household were asked about their thoughts on energy consumption and sustainability. We also gathered information about the participant's daily routines, and plans for the week to personalize the forecast information and suggestions. During the pre-interview we used a small booklet containing text and illustrations to introduce the concept of shifting energy use to match renewable energy production and explain the aims of the prototypes. The booklet also contained descriptions of the functionality of the clock and the web forecast. During the interview, the clock prototype was installed in each household. Furthermore, the participants were given a small journal containing calendar pages to write daily reflections, and pages aimed at instigating reflecting, posing questions such as "how has it been to have the clock in your home". We sent suggestions to each participant by text message during the week according to their personal schedules, and they were instructed to reply, with a 'Yes', 'No' or 'Maybe', depending on whether they planned to act on the suggestion or not. We also logged the use of the web forecast.
After a week, a post-interview was carried out in each household, asking about each participant's experiences. Questions focused on: how they had used the clock and web forecast, whether they had shifted any consumption, which types of consumption they had shifted, and how ClockCast had impacted their lives and routines. Furthermore, the interview sought to gain an understanding of how the participants had perceived the overall opportunity for shifting energy consumption to the times when it is OK to use it, shifting the focus of sustainable living away from the amount of electricity used to the CO 2 produced from the usage, and whether the experience felt positive.
Providing the Forecast Suggestions
Although CO 2 intensity forecasts (over a 24-hour period) can be downloaded from the local utility provider, we chose to construct a tailored forecast for each of the households to account for relevant envisaged events [11, 42] and participant's everyday practices. The intention behind creating a forecast, rather than using the real data, was based on three considerations: 1) by creating the energy forecast we could ensure that each household would experience a similar forecast rather than whatever the weather and grid happened to provide. 2) While the forecasts had a similar pattern for each of the five households, they were tailored to match the participants expected activities for the week, to ensure that the suggestions we sent matched both the forecast and the participants' schedules. We sent suggestions to participants 4-7 times during the test period depending on the participant's schedules, for example good times to do laundry that would correspond to times when they were expected to be home, or recipes that require minimal energy to cook. 3) Tailoring the suggestions to participant's schedules enabled us to create a best-case scenario, where all suggestions should hypothetically be possible for the participants to follow and would result in reduced CO 2 emissions. As part of the post-interview debriefing we told participants that the provided forecasts were adapted to favor the best-case scenario.
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Data Analysis
All empirical material collected during the study from the interviews, diary, and text message conversations were transcribed and translated into English for analysis. We took a data-driven approach and conducted an inductive content analysis [6] of the collected material. Three rounds of analysis were performed by a multidisciplinary group of researchers with different expertise (e.g., computer science, design, ethnography). During the initial round of analysis, we identified the most relevant themes coming from the pre-and post-interviews from the single-person households (P1-P3) following the thematic analysis guidelines [6] . In addition, we sequentially added the pre-and post-interview data coming from the couple (P4) and family (P5) households and performed a more focused and comparative analysis across the different types of households. This heterogeneity of households provides the maximum variation [34] and the re-occurrence of themes across the different types of households indicates consistency of the emerged themes. During the second round of analysis, we added and combined the empirical material from the interviews with the material from the diary and text messages conversations, especially looking for new themes.
The last round of analysis combined our qualitative data (interviews, messages, diary) with quantitative data coming from weekly forecast data, the real electricity usage and the webcast logs to triangulate [27] and support the emerging themes. Themes emerged from the most frequently discussed and emphasized topics by the participants. Considering the short duration of the study and the number of participants, very relevant insights emerged from the participants' sustainable intentions and the use of the prototypes. However, findings are indicative rather than definitive.
INSIGHTS FROM THE PILOT STUDY
The aim of the pilot study was to gather insights on the socio-technical challenges and potential flexibility of everyday practices (in a best case scenario) and how the application of a positive and proactive strategy to emphasize when to use energy was experienced and used in different types of households. Overall, participants were positive towards the concept. Participants were generally environmentally inclined and could thus be expected to be more willing to shift than the average person. Despite considering themselves as being focused on sustainability and the environment, they explained that they would be willing to shift only a limited number of activities, and their use of the clock and the web forecast differed greatly.
Shiftable Consumption and Flexibility Potential
Aligned with other studies [7, 13, 48] , participants felt that only a small amount of their energy consuming practices could be shifted to different times. Consequently, they saw their flexibility potential as being limited and indicated their busy schedules as well as the interconnectedness of their daily practices as reasons that made it difficult for them to shift their energy consumption. Most participants expressed a willingness to try to change things according to the forecast but ended up having a hard time following through on their intentions: "I don't really feel like I can change much in my everyday life, and the information I get from the clock does not really change that" [P2] . Cooking was the activity that the participants felt that they could change the least, as it was dependent on a range of other practices and routines. Laundry, dishwashing and cleaning, on the other hand, were among the practices that most of the participants managed to shift, or at least talked about as practices they would be willing to shift, had circumstances been different. For instance, the young couple timed their weekly cleaning activity to start in a good hour: "We did not manage to do all of our cleaning within the good hour, but then we started with the vacuum cleaner because that uses the most energy." [P4] . However, external conditions, such as rules for the communal laundry machines at the dorm, or noisy appliances, limited the possibilities to shift their activities.
Shifting: Spontaneous or Planned?
Participants generally felt that shifting is something they have to plan ahead and expressed that they would only consider shifting plannable activities that do not affect their other practices (or comfort) too much. In that sense shifting is not a spontaneous action. Only certain types of consumption are taken into account as being "shiftable". For P4, surprisingly, cooking was seen as one of the activities they would try to shift, whereas watching TV was seen as an activity they could then do (to kill time) until there was a "good" time for cooking, not as an energy consuming practice that could be changed in its own right: "We would glance at the clock while sitting on the couch watching TV, and then if it showed that there was good energy from 7 o'clock, we would be like: 'Cool, then we can stay here and watch some more TV while we wait for the good energy'" [P4] . Even waiting to charge your phone until a high level of renewable energy was available was not considered an option for any of the participants.
Many participants felt they needed more information than just the next good hour to be able to shift consumption and therefore many of them also checked the web forecast to be able to plan further ahead: "In the evening, I used the web forecast to see what the next day looked like. I think it is good to have the web forecast as well because the clock can only show one hour at a time, and often it is nice to be able to plan further ahead" [P3]. Furthermore, one single person, the couple and the family household participants planned and shifted some activities according to the forecast. For instance, the young couple stated that they had been matching their cleaning and laundry schedules to when there was a high level of renewable energy, but also indicated that this was partly due to the fact that they were on holiday and felt that it would be harder to follow in their normal routine. The family had both a dishwasher and a
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Human -Nature washing machine that could be programmed for a specific start time. However, this did not mean that they took advantage of the high availability of renewable energy at night, the machines were simply considered too noisy to use at night: "We are never going to use the washing machine at night when we are all asleep. It is too noisy, so it would wake us up" [P5]. Instead, they planned the timer function to make the machines run while at work after consulting ClockCast.
Ambient Overview versus Detailed Forecast Information
Participants responded positively to the look of the clock and felt that it fitted in well with the rest of the things in their homes "I really like the look of the clock and the way it blends in, it is easy to just glance at it, but I still often feel like I also have to look at the web forecast to get the information I need. . While looking at the physical clock easily reminds people to think about renewable energy, the web forecast to a greater extent supports the experienced need to plan ahead as stated by P3: "then it is much better there are four hours, so it is easier to plan".
Most participants used the web forecast throughout the study. Participants used mobile browsers exclusively to access the forecast, reflecting the need for information on the move. Three participants even continued using the forecast after the study had ended. In particular, P1 was still checking the site three months after beginning the study. After the last interview, the forecast was changed to actual data, so that the web forecast now reflects the real CO 2 intensity.
Suggesting (Alternative) Actions
The SMS suggestions were introduced as an element to support new ways of thinking. The suggestions were well received by participants: "There are a lot of things I do not think about on my own, so it gives you good ideas, and I really like that" [P3]. The messages were not perceived as annoying but as an easy source of useful information: "Generally, I liked that the text messages were not something that I had to go look up on my own.
They were just delivered to me and I did not have to do anything actively. They are just suggestions and then you can decide if you want to do it or not. Either way, it is a nice reminder" [P2].
However, despite the aim to frame the suggestions in a positive way, the participants were not conscious of it. Although the suggestions were evaluated as overall positive, they did not lead to direct changes in consumption.
Sustainable Guilt
The aim of the design approach was to enable people to maintain their normal energy use without feeling guilty, by encouraging shifting consumption to different periods, and even encouraging energy use at times with a high level of renewable energy available. However, in some cases it also provoked feelings of guilt. Adding an extra layer of information to an already complex phenomenon, energy consumption, makes things even more complicated and also means that there is one more thing you can potentially do wrong.
The sense of guilt expressed by one of the participants was associated with the loss of information after the experiment ended. The participant felt that there was something empowering about suddenly getting forecast information and being able to take it into consideration. However, when the study ended, she felt left in the dark again and expressed that "I am really going to miss the web forecast -I think I will probably start feeling guilty when I do laundry from now on because I don't know if it is a good time" [P4] . The participant felt this way despite having been told that the forecast data they had seen was tailored for the study and not for the actual CO 2 intensity.
Adding this extra layer of information to people's existing knowledge of sustainable living also increased the risk of people failing to live up to an ideal green lifestyle. As P1 reflects: "I thought I was doing quite well in terms of acting green -I always turn off the lights and unplug devices when I don't use them -but then when I looked at the clock, I could see that I use energy at all the wrong times" [P1].
DISCUSSION
The following section discusses three key aspects raised by our user study: 1) whether shifting is a viable strategy, 2) did the setup create a positive experience about shifting rather than the traditional way, or just sustainable guilt, and 3) reflections and opportunities for future design.
Shifting: A Viable Strategy
Shifting has been presented as a strategy for overcoming the unpredictability of a grid supplied by a high proportion of renewable energy sources. Shifting encourages users to move some of their energy usage to periods when there is excess renewable energy, rather than having to lower the prices, or even pay to get rid of the excess energy. However, the pilot study illustrates that there are certain practices that people are willing to shift, even if it requires extra planning, making them fit both people's busy schedules and the energy forecast. Among the participants, the laundry practice was the most "shiftable energy practice", which aligns with prior work [5, 37, 48] . Similar to [48] , we found that dishwashing was also a practice with good potential for shifting. As seen in our study, the societal structure (dorm rules), infrastructure (common laundry room), OzCHI 2017, Nov 28 -Dec 1, Brisbane, Australia Human -Nature Long Papers and near materiality (availability and functionality of home appliances) of everyday practices [13] constrain and pose challenges to people's ability to shift energy consumption. However, looking beyond cooking, cleaning, washing clothes and dishes, few other activities were considered shiftable. This lack was for example due to people's unwillingness to wait too long for sustainable energy, e.g., when charging mobile phones. While other activities, such as watching TV, surprisingly, was not even considered in relation to shifting energy use.
Although we attempted to encourage the participants to use energy, they rarely engaged in new activities simply because of energy availability. However, the participants still had to pay the regular price for the electricity they consumed, so while the environment might not be impacted by their actions, their wallet still would be, which maybe affected their actions. Consequently, for positive strategies to work, reduced cost might need to be added to the reduced environmental impact through variable pricing [30] .
The case study illustrated that the interconnectedness of everyday practices made it difficult for the participants to shift their energy consumption, even if they had the willingness to do so. Consequently, to deal with these challenges and see shifting as a viable strategy, a more holistic view of the existing ecology of practices [51] , including the existing ecology of artifacts and devices (e.g., TV, mobile phones, washing machines) in each household is needed, in order to identify the opportunities for shifting consumption. While the web forecast facilitated planning and coordination of everyday practices, leading to the identification and shifting of some practices, the physical clock provided a spontaneous view at a glance. Although our participants valued the simple information, similar to [5] , the physical clock acted as an energy consumption awareness artifact [29] , embedded seamlessly into the existing ecology of devices, triggering the opportunities for shifting. Providing energy forecasts 24 hours in advance leads to challenges because, like weather forecasts, they are very unpredictable. The dynamics of power generation together with the dynamics of people's everyday practices challenge the viability of shifting, but rather than seeing this as a barrier, we should look for the opportunities for encouraging people to shift their energy use to the times when it is OK to use it, rather than asking people to reduce their overall consumption.
Is Sustainable Sinning Possible Without
Guilt?
Our positive approach contradicts what most of us have been told throughout our lives: to turn off the lights when we leave a room or not to leave the TV on when we are not watching. Moving from matching the grid to the possibility of making better use of renewable generation without the need to reduce energy usage, distinguishes itself from traditional demand shifting. However, giving people a new kind of information about the impact of their energy use, in some cases, instead of enabling participants to "sin" sustainably, e.g., use energy for non-essential or frivolous purposes, resulted in feelings of guilt for not being able to match their consumption to the hours with a high level of renewable energy. The log of the participants' use of the web forecast showed that some of our participants kept using it after their individual participation in the study was over, even when they knew that the data was tailored for the study and not for the actual CO 2 intensity. The basis for the continued use of the web forecast might be attributed to Halkier's notion of the individual [19] as an increasingly autonomous moral agent, and providing a narrow view of consumption as an individual rather than a political responsibility. Having to actively reflect upon your actions can be quite stressful, especially in areas such as energy consumption where people often do not have a clear set of rules or insights to navigate from. ClockCast can be seen as a way of overcoming the doubts and ambivalences that individual decision-making entails, as the clock makes the complex and previous invisible information easily available.
Furthermore, by using ClockCast, the participants could relinquish the need to reflect on whether their actions are bad or beneficial -the clock does this for them. ClockCast was designed to lessen people's guilt and enable them to use energy without feeling guilty, but in some cases, it ended up just doing the opposite. Nevertheless, ClockCast made participants aware that the footprint of their consumption was not only a matter of kWh used but also of timing.
Towards a Positive Experience for Demand Shifting
As behaving in a sustainable manner sometimes conflicts with people's desires for comfort, convenience, or luxury ("sinning"), as presented in our study, there are times during the day where energy can be consumed with a clearer conscience than other times, making possible the desire to sin (e.g., use energy for non-essential or frivolous purposes), as long as the sinning takes place during particular hours of the day when renewable energy is available. When an increasing amount of power comes from renewable sources, resource consumption can be maintained or even increased while reducing greenhouse gas emissions. Thus, the rise of renewable generation provides an opportunity to explore positive ways for supporting the shifting of everyday practices.
Our study was not entirely successful, as participants shifted mainly practical activities, such as washing or cleaning, instead of more frivolous uses of energy, such as watching TV. However, changing people's mindset on energy use from the traditional conservation to shifting is challenging in a single week, when the cultural understanding remains the same. The aim of our approach was never that all energy use should be done in the hours with a high level of renewable energy, but to inspire people to shift activities when opportunities arose. This was less the case, as many of the activities that were shifted
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OzCHI 2017, Nov 28 -Dec 1, Brisbane, Australia Human -Nature were planned, rather than occurring spontaneously. However, despite these hesitations, our positive approach to shifting introduces a new and positive perspective on energy. Additional scaffolding around people's shiftable intentions might be needed for the positive approach to succeed, such as dynamic pricing. A second point illustrated by the design is the notion of blending into people's homes [44] to facilitate its fit into the existing ecology of practices and devices. Making an artifact that people would be willing to keep in their home could support people's sustainable intentions, considering that the availability of renewable energy is unpredictable. The qualities of the physical clock not only provide a familiar object but also a reference point overviewing time, making it acceptable in the home [3] .
CONCLUSIONS
In this paper, we presented the ClockCast prototypes and our positive design strategy for demand shifting, which encourages people to use energy when it is OK to use it e.g., in periods with high availability of renewable energy. Our positive strategy enables people to follow their desires for comfort, convenience, or luxury ("sinning"), rather than promoting energy curtailment with a typical negative framing for consumption, where people are told what not to do or when not to use energy. We conducted a pilot study to uncover the socio-technical challenges and participant's experiences in five households. During our short-term study, participants ended up using the prototypes to plan shifts of essential activities like cleaning and laundry, rather than seizing opportunities to shift as they arose during the day. We also uncovered that leisure activities, such as watching TV, were not even considered shiftable activities. However, our findings are far from complete and indicate the need for further long-term studies to explore people's sustainable intentions and the potential of shifting in relation to the practices and artifacts in people's everyday life.
